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A method for producing an exhaust gas sensor. 

CM 

^fac^Ta °LanT*Z T eXhaUSt 935 " ent0f incor e° rati "9 BaS "^ Stannate ion and barium ion are 
^BSnLLoofZ%uT^ S rBC T Xe water - containi "9 crystals of BaSnO. such as BaSnOa-SHfeO. 
^an f S?eSSn Z ?L n h I " deCOmposed - the WWKie gives BaSnCh free from segregated Ba 

^and Sn elements. The product was then molded and thereafter sintered to obtain the sensor. 
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A METHOD FOR PRODUCING AN EXHAUST GAS SENSOR 



FIELD OF THE INVENTION 

The present invention relates to a method of producing an exhaust gas sensor having BaSnO: 
5 incorporated therein. The exhaust gas sensor of the invention is useful, for example, for detecting the air- 
fuel ratio of motor vehicle engines, boilers, heaters, etc. 

PRIOR ART , o0 ; 

We proposed an exhaust gas sensor incorporating BaSnOi (Unexamined Japanese Patent Publication 
SHO 60-205,342 corresponding to U.S. Patent Application Ser. No. 711,154 and to European Laid-Open 
Patent Application 0157,328). We also proposed to add a smalt amount of Si02 to BaSnO* to obtain 
increased oxygen sensitivity (Unexamined Japanese Patent Publication SHO 61-147,146 corresponding to 

T5 U.S. Patent No. 4,658,632 and to West German Laid-Open Patent Application 3545,372). We further found 
that BaSnOs causes corrosion to Pt electrodes in a reducing atmosphere at a high temperature an<; 
proposed to inhibit the corrosion of the Pt electrode by adding a small amount of Zr02 thereto (Unexamined 
Japanese Patent Publication SHO 62-14,047 corresponding to U.S. Patent Application Ser. No. 883,130). 
In these proposals, we reacted BaCCb with Sn02 at about 1200 to about 1400° C to obtain BaSnOs. We 

20 subjected the BaSnOa to X-ray diffraction, which revealed that the compount is in the form of almost perfect 
crystals. Electron photomicrographs of the product obtained showed that it is in the form of crystals having 
a distinct cystal plane (see Unexamined Japanese Patent Publication SHO 60-205,342). 

The product BaSnOa was nevertheless found to contain trace segregation of Ba and Sn elements. The 
segregation involved is very slight and almost undetectable by X-ray diffraction or electron photomicrog- 

25 raphs. The segregation is responsible for the decomposition of BaSnOa in exhaust gases, impairing the 
characteristics of the sensor. When free of segregation, BaSn03 exhibits improved oxygen sensitivity. 

Aside from the above proposals or findings. David E. Williams et al. disclose in their British Laid-Open 
Patent Application No. 2,149,121 BaSnOa prepared by reacting BaOOs with SnOa at 700 to 1300° O for 
about 16 hours. The resulting BaSnOa is used as a material for gas sensors. They disclose that pulverization 

30 and baking, when repeated several times as required, afford more completely reacted BaSn03. 

Our experiments demonstrated that the starting materials of BaCOa and SnOz, when repeatedly 
subjected to pulverization and baking, gave NaSnOa free of segregation. For example, when the mixture was 
baked at 1300° C for 2 hours four times with an intervening pulverizing step between the successive baking 
steps, segregation-free BaSnOs was obtained, which was durable and exhibited high oxygen sensitivity 

35 during actual use. 

However, many repetitions of pulverization and baking are disadvantageous in practice. Moreover; 
repeated pulverization and baking are likely to permit the contamination of BaSnOa during the treatment. • 

40 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a novel method of producing an exhaust gas sensor of 
the BaSnOa type. More specifically, an object of the invention is to make it possible to produce an exhaust 
gas sensor having increased durability and higher oxygen sensitivity for actual use. These objects can be 

45 fulfilled by eliminating the segregation of elements in BaSnQj. Another object of the invention is to facilitate 
the production of segregation-free BaSn03, to obviate the need for a complex process including repeated 
pulverization and baking and to prevent the contamination of BaSnO* in this process. Still another object of 
the invention is to provide BaSnOa which is easy to mold. 

According to the present invention, water-containing crystals of BaSnOa are thermally decomposed into 

so BaSnCb. The water-containing crystals of BaSnOa primarily include three hydrates: BaSn03«3H20, 
BaSn03«5H20 and BaSn03«7H20. Further these crystals of BaSnQj include flaky crystals the water content 
of which is not determinable and which are produced transitionally during conversion from BaSn03*7H20 to 
BaSn03«5H 2 0. Thermogravimetric analysis reveals that these flaky crystals are similar to BaSnOa«5H20 in 
composition. Although it is not clear whether there are water-containing crystals other than those mentioned 
above, such other crystals, if available, are also usable. 
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Water-containing crystals of BaSnO, separate out. for example, when a Ba compound is reacted with a 
stannic acid solution stabilized with a strong alkali. The product, i.e. the precipitate, is in the form of 
ac.cular. flaky or like large crystals, which, when thermally decomposed, give BaSnO, free from segregated 
elements. The segregation of Ba or Sn element occurs in BaSnO, crystals because these ions are slow to 

5 diffuse in the baking step. For example, a mixture of BaC0 3 and Sn0 2 . when baked, provides BaSnO. 
crystals containing segregated Ba and Sn elements since these elements do not fully diffuse durinq the 
formation of BaSnO,. To obviate the segregation, the BaSnO, must be repeatedly pulverized and baked In 
contrast water-conta.ning crystals of BaSnO,. when thermally decomposed, readily afford BaSnO free of 
segregation since Ba ions and Sn ions are uniformly distributed from the beginning 

10 ™ m ™ 6 <* arac,eri f ics of exhaust 9as sensors incorporating BaSnO. are dependent on whether the 
compound is free of segregation. When involving no segregation, the compound exhibts improved durability 
and increased oxygen sensitivity in actual use. In respect of these characteristics, the segregation-free 
product resulting from the thermal decomposition of water-containing crystals of BaSnO, is comparable to 
the product obtained by reacting BaC0 3 with SnO, and subjecting the resulting BaSnO to repeated 
£»en£t° n ^ b3kin9 10 eMminate se 9 re 9 ation - Howev <^ *e repetition of pulverization baking of 

tin f d2i n rr m Pr ° d t UCtivity °/ ° XhauSt 9 as sensors and ™<*ers the BaSnO. susceptible to contamina- 
tion during the pulverization and baking steps. 

fn Jt ater " C T ai, T 9 Cr y!! a,S ° f BaS "° 3 preci P itate as lar 99 acicular. flaky or like crystals and retain this 
orm even after thermal decomposition. Accordingly, the BaSn0 3 prepared from water-containing crystals 
20 thereof is easier to mold than the usual particulate BaSnOj. crystals 

BRIEF DESCRIPTION OF THE DRAWINGS 

" *n v rf ^'J^ a ™?- C X * ray diffraction diagrams of water-containing crystals of BaSn0 3 . Fig. la being 
and H^1, k " d v 9ram , ° f BaSn03 - 3H >°- R 9- 1b being an X-ray diffraction diagram of BaSnO,^ 
and Fig. 1c being an X-ray diffraction diagram of BaSnOs^HaO; 

Fig. 2 is a characteristics diagram showing the result obtained by subjecting BaSn0~5H 2 O to 
thermogravimetric analysis; 

30 decomposing t£o£S? Ph0t ° micr ° 9raph showin 9 the ^ °< Prides obtained by thermal.y 
Fig. 4 is a plan view of an exhaust gas sensor embodying the invention; 

Figs. 5a b c and d are X-ray spectra showing the results obtained by locally subjecting to 
o Tnn^? ar !f yS, ?. t0 e a J*" 01 se ^**« dements, Fig. 5a being an X-ray spectrum 

noZ t Tl" ^ Sn C Ba rati ° IS a ^ oximate,v R 9- 5b being an X-ray spectrum of an Sn segregated 
STiTS 5c being an X-ray spectrum of Ba segregated portion and Fig. 5d being an X-ray spectrum of 
the same sample as determined after actual use; 

Figs^Sa, b. c and d are Fourier transformation !R spectra of BaSnOs samples as prepared Fig 6a 
being an IR spectrum of BaSnOs containing segregated elements. Fig. 6b being an IR spectrum of BaSnO 
R^nr! ree K + Se Z e ^ on bv bein 9 repeatedly pulverized and baked, Rg. 6c being an IR spectrum of 

o^ci^r u t U! fma,ly decomposin 9 BaSnO^HaO and Rg. 6d being an IR spectrum of BaSnO 
obtained by thermally decomposing BaSn02»5H 2 0; 

Rg. 7 is an elementary analysis diagram showing the decomposition due to actual use of BaSnO 
containing segregated elements; 

45 H,,r*Ki,H l9 a V! 3 characteristics diagrams showing the relation between segregation in BaSna and 
durability as determined with lapse of time; 

h,.^* 9 ' 9 3 characteristics diagram showing variations in the resistance value of exhaust gas sensors 
during use under severe conditions; 

^n^%J° * 3 characteristics dia 9 ram showin 9 variations in the speed of response of exhaust gas 
sensors during use under severe conditions; and 

Fig. 11 is a charactersitics diagram showing resistance to SO2 poisoning. 
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Water-containing crystals of BaSnOa 

An aqueous solution of sannic acid (at feast 13 in pH) stabilized with sodium hydroxide was reacted 
with an aqueous solution of barium chloride to obtain water-containing crystals of BaSn03 as a precipitate. 

5 The solvent may be an aqueous solvent chiefly comprising water. Besides water, also usable are water- 
methanoi,. water-ammonia, etc. The pH may be in such a range that will not permit precipitation of stannic 
acid. Instead of sodium hydroxide, potassium hydroxide, strong organic bases such as tetraethylammonium. 
etc. are usable for adjusting the pH. While the stannic acid solution used had a pH of 13, it was possible to 
prepare water-containing crystals even at a pH of 12. for example, when the stannic acid concentration was 

10 0.005 mol/l. The stannate ion reacts with the barium ion, causing precipitation of water-containing crystals of 
barium stannate. The resulting crystals contain at least three kinds of hydrates, i.e., BaSn03*7H 2 0 (stable at 
temperatures of up to 50° C). BaSn0 3 »5H 2 0 (stable at 50 to 60° C) and BaSn03«3H 2 0 (stable at 
temperatures of at least 65° C). In addition to these hydrates, the conversion of BaSnC>3»7H 2 0 to 
BaSn03«5H 2 0 was likely to involve formation of flaky crystals of < a composition (the water content 

T5 determined by thermogravimetric analysis) similar to BaSn03«5H 2 0. Depending on the conditions involved, 
these compounds precipitate in the form of a mixture. The reaction product has yet to be checked for the 
presence or absence of other hydrates. The hydrates separating out were colorless, transparent, and 
acicular or flaky in form. In the size of crystals, the trihydrate and the pentahydrate were several tens of 
microns, and the heptahydrate was several microns. The crystals precipitated are stable at a pH lower than 

20 that of the mother liquor and can be washed with water. The form of the precipitate changes with 
temperature; with increasing temperature, the heptahydrate changes into pentahydrate, and the pen- 
tahydrate into trihydrate. The precipitation reaction need not be conducted at an Sn/Ba ratio of 1 but can be 
carried out at a desired Sn/Ba ratio. It is critical to conduct the precipitation reaction in a COrfree 
atmosphere. In the presence of COs, BaCCk becamed mixed with the precipitate. 

25 Fig. 1a shows an X-ray diffraction diagram of the trihydrate. Fig. 1b that of the pentahydrate, and Fig. 
1c that of the heptahydrate. The values as to the trihydrate only are known in literature (JCPD card), which 
were referred to for identification. 

Preferably, the reaction is conducted to form the heptahydrate or pentahydrate first which is then 
washed with water and converted to the heptahydrate or trihydrate at an elevated temperature. The hydrate. 

30 when having a lower water content, is stable at a lower pH. so that the strong alkali can be removed by 
washing the hydrate with water. In the present example, the heptahydrate was formed first, which was 
washed with water and heated to obtain the pentahydrate, followed by washing with water and heating to 
obtain the trihydrate. The trihydrate was up to 10 ppm in alkali content. Incidentally, when the heptahydrate 
was washed with water only once and decomposed immediately thereafter, the product obtained was about 

35 1000 ppm in alkali content. Examples of solvents usable for washing are, besides water, water-methanol, 
water-ammonia, etc. Solvents are useful insofar as they are capable of dissolving out the alkali ion used for 
the preparation of water-containing crystals. 

Fig~ 2: is a diagram showing the result of thermogravimetric analysis of BaSnO3»5H 2 0. The temperature 
was raised at a rate of 10° C/min. The compound was dehydrated to the trihydrate at about 100° C. and 

40 the conversion to BaSnOa occurred at about 600° C and was completed at about 700° C. From the result 
thus obtained, the composition of the water-containing crystals was identified. At a lower rate of rise of 
temperature, the compound was completely converted to BaSnOs even at about 600° C. 

The heptahydrate obtained was repeatedly washed with water and dehydrated to obtain the trihydrate 
via the heptahydrate. The trihydrate was then calcined at about 700 to 1500° C to prepare BaSnCh- The 

45 calcination is to be conducted in a non-reducing atmosphere such as air. oxygen or nitrogen. The BaSnOs 
resulting from the thermal decomposition was molded by a press, with a pair of noble metal electrodes 
attached to the mass of compound, followed by sintering to obtain a gas sensitive member. The molded 
product was sintered, for example, at a temperature of 1100 to 1500° C in a non-reducing atmosphere, for 
example, for at least about 1 hour. The sintering temperature is at least 1100° C so that it is sufficiently 

so higher than the temperature at which the sensor is used. The upper limit of the temperature is 1500° C to 
assure ease of heating. When samples were sintered under conditions within these ranges, the resulting 
sensors were found almost identical in characteristics. In the following description, the sample of the 
present example is one prepared by thermally decomposing BaSn03*3H 2 0 at 800° C for 2 hours and 
sintering the product at 1400° C in air for 2 hours. For preparing the BaSnCb»3H 2 0, BaSn0 3 *7H 2 0 was 

55 washed with water and heated to obtain BaSnC>3»5H 2 0. which was then washed with water and heated and 
thereby converted to BaSn03*3H 2 0. 

The products prepared from water-containing crystals of BaSnCfc via any hydrate were found free from 
segregated Ba or Sn because the mother crystals were perfect crystals. 

4 
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b,mf > ^- 0f , the adVa " ta9 / eS ° f the Present method is that the "'cined product retains the original form of 
large accular crystals of the hdyrate and is therefore easily moldable by a press. More specifically the 
product which is particulate, is freely fiowable and easily moldable into a product of high strength Fig 3 is 
an electron photomicrograph showing BaSn0 3 obtained by calcining BaSnO,.3H*0 at 800' £ The laroe 
BaSnS.SHO C 'wH Sh T *Z ' etal PartideS ° f BaSnQ " 3H >° and ™ single crystals. Crystals of 

c^^^J^X ^^ 90 ^ 6 ' 9iVS CrySta,S ° f BaSn ° 3 which are sma,lter than the 
2X5" ,2^. 3 CryStaS ,nter,ocked with one another and retain the appearance of 

rn^fw '-.T'" 9 Skel6tal PartiC ' eS ° f BaSn °3«3H 2 0. BaSn0 5 .5H,0 or BaSn0 3 .7H;o when de- 
composed, similarly produces skeletal particles of the mother crystals. 

Comparative Examples 

nHt a Sn ?c n ^ B t^ ° 3 Wer6 miX9d to 9 ether in equimolar amounts and baked in air at 1200- C for 4 hours to 
obtain BaSnQa. Th.s sample was pulverized in a ball mill for 2 hours and then sintered in air at 1300" C for 

sedated Ba and Sn. (C ° mparatWe E * ample 1 " a >- Tha ^ampie was found to contain 

Another sample was similarly prepared by baking and sintering both at a temperature of 1300" C The 
same pulverization and other conditions as for Comparative Example 1-a were employed. The sample 
obtained was also found to contain segregated Ba and Sn (Comparative Example 1-b) 

i^nn.^fT 1 ! ° f Cornparat, ' ve Exam P ,e 1 " a was fur ther pulverized in a ball mill for 2 hours.baked in air at 
1300- C for 2 hours but was still found to contain segregated elements (Comparative Example 1-c) 
to J2? o n e BaC °t were mixed together in equimolar amounts and reacted in air at 1300' C for 2 hours 
to obtam BaSnOi Th.s sample was repeatedly baked at 1300- C for 2 hours and pulverized for 2 hours 
Purthe? 7nO R 3 r£ e thUS ^ f ° Und t0 be ,ree ° f ^^ation (Comparative Example 2-a). 

bakL JiSn. r f ?K W6re * 14 °°° C f ° r 2 hOUrS to 0btain BaSn °'~ wnich wa * then repeatedly 

baked at 1400- C for 2 hours and pulverized for 2 hours two times. The resulting sample was found to be 
free of segregation (Comparative Example 2-b). . ,ouna IO De 

Structure of sensor 



ahJT™ t U StrU ° tUre ° f an eXh3USt 938 Sensor ' which com P ri ses an insulation substrate 2 of 

os SIS. 3 n Sen ! UiVe memb6r 4 composed of BaS "03 as its active component, a pair of noble 
as metal electrode wires 6, 8, and external leads 10. 12. 

The gas sensitive member 4 was prepared by thermally decomposing BaSnO~3H 2 0 at 800' C 

™ '? B ' ^ product *y • P ress and sintering the molded piece, and is in the form of a rectangular 

ZZH T.Tr" 9 ^ 2 mm * 0 5 mm - T ° utMize ske,etal Darticles ° f water-contafning 
crystals of BaSn0 2 , the skeletal particles obtained by the thermal decomposition were press-molded without 
to pu.venzat.on. The pair of e.ectrode wires 6. 8 was set in a mold conforming to the shap^ of the gal 
sensitive member 4. and skeletal particles were placed into the mold and pressed. The moToed piece was 
then sintered in air at 1400° C for 2 hours. nroioea piece was 

ti O nT^n^c 0, ,K keleta I J PartiC,eS ° btained fr0m wate '-«>ntaning crystals of BaSnOj by thermal decomposi- 
ton facilitates the moldmg process. The skeletal partic.es of the water-containing crystals remaining after 

rk:,eton n ofTe ^ ,,OWabte ™ * unHoBn,y fi " 8d ^ the mo,d " ^ particl - sertTl toe 

shows riata « J P,eCe ',!° th3t the m ° ,ded PiSCe Can be ° btained easi, V wj th high strength. Table 1 
shows data as to the press molding operation. V 



so 
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Table 1 Press Molding* 

Sample Pressure Strength Porosity 

(tons/cm 2 ) (kg/mm2) (%) 



Prepared from BaSn0 3 «3H 2 0, 4 18 3 6 

10 sintered at 1400° C 
after molding 

Compaxrative Example 2-a 4 (not amenable to sinter- 

ing because of low strength) 

Comparative Example 2-a 15 18 34 

2o sintered at 140 0° C 
after molding 

* Each molded piece was sintered at 1400° C for 2 
25 hours* The strength was measured after sintering. 

The sample prepared from water-containing crystals was satisfactorily molded under a pressure of 
about 4 tons/cm 2 , whereas the sample subjected to repeated pulverization and baking required a pressure 
of about 15 tons/cm 2 to obtain the same strength. The sample (Comparative Example 2-a) other than the 
30 skeletal particles was in the form of spherical particles and therefore spilled from the mold during the press- 
molding procedure- The sample of the present example in the form of skeletal particles did not spill from 
the mold. 



35 Segregation ~ 

When tha sample (Comparative Example 1-a) baked at 1200° C and 1300° C was subjected locally to 
X-ray elementary analysis^ it was found that even one BaSnCfc crystal differs in the distribution of elements 
from portion to portion. Figs. 5a, b and c show the results of analysis at three positions. At the position \ 

40 Fig. 5a, Sn and Ba are present uniformly. Fig. 5b shows predominant presence of Sn f whereas Fig. 5c 
conversely shows predominant presence of Ba. Fig. 5d shows the result obtained by analyzing the same 
sample afer exposing the sample to the exhaust gas from a motor vehicle for a total period of 8 hours. The 
temperature of the sensor in the exhaust gas was about 800° C, and the fuel used was usual gasoline. It is 
seen that Sn has disappeared with an accumulation of P, forming a compound of barium and phosphorus. 

45 However, the elementary analysis of samples free of segregation revealed a uniform Sn/Ba ratio, which 
remained unchanged when the sample was subjected to an exhaust gas, with only a trace of P detected. 
Accordingly, the segregation can be detected by local elementary analysis and is also detectable by 
checking the sensor for the accumulation of P after actually using the sensor in an exhaust gas. When free 
of segregation, BaSnCh exhibits improved durability. 

50 The segregation is detectable also from the pH of the sample. Samples with marked segregation 
contain a barium-rich phase and are therefore alkaline, whereas segregation-free samples are neutral to 
very slighly alkaline. Even when BaCOa is admixed with BaSnOs. the mixture exhibits very low alkalinity. 
This appears to indicate that an active barium-rich phase is present in BaSnOs with segregation and is 
responsible for the alkalinity. A 0.1 g quantity of BaSnCfe was admixed with 1 ml of water. The mixture was 

55 allowed to stand for 1 hour, then stirred and checked for pH. The pH was 1 0 when the compound involved 
segregation, but was 8 when the compound was free of segregation. 
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The segregation is detectable also by a highly sensitive spectroscopic method. BaSn0 3 was analyzed 
by Fourier transformation IR spectroscopy (FTIR) immediately after preparation. The segregation can be 
detected by checking the spectrum for the presence of a CO: ion absorption peak at about 1400 cm- Fin 
6e shows an FTIR spectrum of Comparative Example 1-a. and Fig. 6b that of Comparative Example 2-a 
Fig. 6c shows a spectrum of BaSnOj obtained by thermally decomposing BaSn0 3 .3H 2 0 in air at 1400" C 
for 1 hour Further Fig. 6d shows a spectrum of BaSnC* obtained by thermally decomposing BaSnO~5H 2 0 
in air at 1387- C for 1 hour. A slight CO3 ion absorption peak, although observable at about 1400 cm- is 
lo^er than the corresponding peak of the sample (Comparative Example 1-a) with segregation. However 
when samples are allowed to stand for a long period of time. e.g. for about 2 weeks, in air after preparation' 
he sample adsorbs C0 2 . so that the resulting peak is sometimes difficult to distinguish from the peak due 
to the segregation when the above method of analysis is resorted to. 

nr !f s { h °u WS thS PH ValU6S ° f Sampl8S and the results of FTIR thereo1 ob t air, ed immediately after the 
preparation of the samples. The result of FTIR is given in the ratio of the intensity of CO3 absorption to the 
DscKQround. 



Table 2 
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25 



30 



35 



Sample 




PH 


FTIR 


Comparative Example 


1-a 


10 


0.2 


ti 


1-b 


10 


0.2 


ft 


1-c 


10 


0.2 


Comparative Example 


2-a 


8 


Trace 




2-b 


8 




From BaSnO 3 -3H 2 0 




8 


Trace 


From BaSn0 3 «5H 2 0 




8 


11 


From BaSn0 3 -7H 2 0 




8 


11 
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45 
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Durability in actual use 

c 0 J t en f°w incorpora " n 9 BaSn °3 witn segregation exhibit increased resistance and decreased oxygen 
sensitivity during actual use. 

The sensor was tested under the conditions of actual use as installed in the exhaust pipe of a motor 
w« h!,H n! T e ; y ° peratin 9 the enaine at an air ' f " al ratio (A/F) of 20 for 1 hour once a day. The sensor 
tomJT 1 3 ^ perature of 8 °°° C during the operation of the engine and allowed to stand at room 
222 I 1 ' 6 W l W3S 0Ut ° f operation - Tne sensor was incorporated into a bridge circuit, which was 

S I ??!! 06 a " 0UtPUt ° f ° 3t 3 POint S,iQhtly tOWard the lean * a * ,rom the Point <>f equivalence, by 
adjusting the bridge resistors. The output becomes positive with a change toward the lean side or negative 
with a change toward the rich side. y 

annl^^T ° f S6nSOr ° f Comparative ^Pte 1 * a w as etched by Ar ion puttering after actual use 
and checked for composition depthwise from the surface. F,g. 7 shows the result revealing a reduction in 
Sn concentration and an accumulation of P due to the exhaust gas. Nevertheless, the segregation-free 
nt^^T t0 C0nt3in n ° P and 10 06 COnstant in Sn/Ba ratio - Althou 9" R 9- 7 shows the data 

aSed wrth Z'TZ T 1'* ** ™ ° f Samp,e ' the sa ™ «i was 

SSSL!T ? SamP ' e fr ° m wat er-containing crystals of BaSnOa. This indicates thai the 

315 Tg. M 98rS deC ° mp0Siti0n ° f BaSn0s with the exhaus « T " a ^ove result corresponds to the 
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Fig. 8 shows the output characteristics of the sample of Comparative Example 1-a (broken line). 
Comparative Example 2-a and the present example prepared from BaSnCb trihydrate. as determined by 
actual use. In the case of the sample with segregation (Comparative Example 1-a), the sensor exhibits 
resistance which increases with time and produces an unstable output. 
5 Table 3 shows variations in the characteristics as determined by actual use for 8 days. 
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Table 3 Durability* 

Sample Resistance 

ratio 



Comparative Example 1-a 

Comparative Example 2-a 

Comparative Example 2-b 

Thermally decomposed 
trihydrate 



1.4 
1.0 
1.0 
1.0 



Variation in 
oxygen gradient 

0.20 + 0.18 

0.24 - 0.24 

0.23 + 0.23 

0.25 0.24 



55 



* The resistance ratio is the ratio of the resistance 
after 8 days to the initial resistance. 

The oxygen gradient is given by m in the equation 
of log Rs = K +■ m-log Po 2 wherein Rs is the 
sensor resistance, and K is a constant. 

Each value was meatured at a temperature of 80 0° C 
and was the average of three sensors . 

The sensors incorporating segregation-free BaSnOs are stabilized in resistance and oxygen sensitivity 
and exhibit improved oxygen sensitivity. 

Other characteristics 

The segregation affects other characteristics of the sensor. For example, when exposed to a highly 
oxidizing atmosphere or strongly reducing atmosphere, the sensor undergoes variations in resistance and in 
the speed of response. When the sensor is exposed to a poisoning substance such as SO2, the resistance 
also varies. Elimination of the segregation gives the sensor improved durability against these atmospheres 
and poisons. 

Sensors were tested for durability against a strongly oxidizing atmosphere and strongly reducing 
atmosphere by the following method. The sensor was held for 14 days in an atmosphere maintained at 
900° C while varying the equivalent ratio x between 1.1 and 0.9 at a time interval of 10 minutes. The 
variation in the resistance value resulting from the test was determined at X values of 1.02 and 0.98 at 700° 
C. Also determined was the variation in the response speed between the oxidation side and the reduction 
side at 700° C. The results are given in Figs. 9 and 10. Fig. 9 shows the ratio of the resistance value after 
testing to that before testing. The sample with segregation (Comparative Example 1-a) exhibited a great 
reduction in resistance at the oxidation side. 
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Rg. 10 shows the variation in the response time as determined by the testing. The response time is 
expressed in terms of response time for a change of X between 0.98 and 1.02 at 700° C and is the time 
required from 10% response to 90% response. The decrease in the resposne speed can be prevented by 
eliminating the segregation. ' 

The sensor was heated at 700° C in a Nrbalanced system of 5.5% 0 2 containing 20 torr of water vapor 
and the resistance was measured. Subsequently, the sensor was cooled to room temperature and exposed 
to suu ppm of S0 2 for 3 hours for poisoning. The sensor was thereafter heated to 700" C and checked for 
resistance to determine the resulting variation. Rg. 11 shows the result. It is seen that the sensor has 
improved resistance to poisoning with S0 2 when free of the segregation. 

Supplement 

Although BaSn0,«3H ? O was thermally decomposed to obtain BaSnCh having a high purity accordino to 
L eXample ' BaSn °3* 5H *°- BaSn03.7 H2 O or the like may be thermally decomposed into BaSn0 3 

Further the exhaust gas sensor mat be shaped or constructed as desired. Suitable additives may be 
incorporated into BaSn0 3 . or some component of BaSnCh may be replaced by other element. 

so Claims 

1. A method of producing an exhaust gas sensor utilizing variations in the resistance value of BaSnO 
BaSncT ^ BaSnC>3 ** pr6pared by thermal| y decomposing water-containing crystals of 

2. A method as defined in claim 1 wherein the exhaust gas sensor has a gas sensitive member 
comprising sintered BaSnOj. and the gas sensitive member is prepared by thermally decomposing the 
water-containing crystals of BaSnOs and sintering the resulting BaSnOj. 

3. A method as defined in claim 1 wherein the water-containing crystals of BaSnO are prepared by 
subjecting stannate ion and barium ion to a precipitation reaction in a strongly alkaline solution 

4. A method as defined in claim 3 wherein the precipitation reaction is conducted in the absence of 

5. A method as defined in claim 1 wherein the water-containing crystals of BaSnO are crystals of at 
least one member selected from the group consisting of BaSn0 3 .>3H 2 0, BaSn03#5H 2 0 and BaSnO#7H 2 0 

6. A method as defined in claim 5 wherein crystals of at least one member selected from the qroup 
insisting of BaSnO-SH.O and BaSn03.7H*O are washed with heating to prepare crystals of 
Bat>nU3*3H 2 o, and the crystals prepared are thermally decomposed into BaSn0 3 . 

7. A method as defined in claim 5 wherein the water-containing crystals of BaSnOs are thermally 
decomposed to obtain skeletal particles, and the particles are molded by a press without pulverization and 
thereafter sintered. 
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Fig. 1a 
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Fig. 2 
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Fig. 4 
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Fig. 6a 
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Fig. 6c 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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A method for producing an exhaust gas sensor. 

© A method of producing an exhaust gas sensor 
incorporating BaSn0 3 . Stannate ion and barium ion 
are reacted in a strong alkali to precipitate water- 
containing crystals of BaSn03 such as 
BaSn0 3 «3H 2 0, BaSn0 3 «5H 2 0 or the like. When 
thermally decomposed, the precipitate gives BaSn0 3 
free from segregated Ba and Sn elements. The 
product was then molded and thereafter sintered to 
obtain the sensor. 
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